Background: This investigation tests the hypothesis that classification and charac-
Introduction
Optimal management of radial head fractures is debated, but accurate preoperative radiological characterization of the fracture may facilitate management. Prior studies have demonstrated improved agreement in characterization and classification of various fractures with three-dimensional computed tomography (3D-CT) compared to two-dimensional computed tomography (2D-CT) images and radiographs 1, 3, 5, 8, 9, 11, 13, 19, 20 . These studies were based upon retrospective data and the reference standard was based upon surgeon recollection and the medical record (e.g. operative notes).
Three-dimensional models that are constructed based on CT images and can be held in the hand and, may facilitate fracture characterization and surgical planning. Computer-generated bone models have been used in the planning of osteotomy of multidirectional distal radius malunions 7, 16 . This investigation tests the hypothesis that 3D-CT images identify and predict fracture characteristics more accurately than 2D-CT images and radiographs, using a prospective study design with intraoperative inspection as the reference standard. A secondary hypothesis was that 3D physical models predict fracture characteristics more accurately than 2D and 3D-CT images and radiographs.
Material and Methods

Inclusion and Exclusion Criteria
Under an Institutional Review Board (IRB) approved protocol, we prospectively included patients between 2007 and 2010 with a radial head fracture seen at two Level 1 trauma centers. Inclusion criteria were 1) fracture of the radial head; 2) election of operative treatment; 3) availability of CT scan; 4) age of 18 years or older. Exclusion criteria were pregnant women and patients unable to give informed consent. Fortyone patients satisfied the inclusion and exclusion criteria. Two patients were excluded for incomplete questionnaires, resulting in a final cohort of 39 patients.
Among the 39 patients, the mean age was 52 years (range, 23 to 92 years).
There were 18 men (46%) and 21 (54%) women. The radial head fracture was an isolated injury in 4 patients (10%), and was associated with an elbow dislocation in 7 (18%) patients, an elbow dislocation and coronoid fracture (the so-called terrible 
Source of Funding
No funding was received in direct support of this study. An agreement approved by our Human Research Committee and Research Contracting Department, Medical
Modeling LLC (Golden, CO) provided free 3D physical models.
Results
The addition of 3D-CT reconstructions and 3D models to standard radiographs and (Table I) . part ii | classification 59 imaging and modeling of radial head fractures | chapter 4
The addition of 3D-CT and the 3D models to 2D-CT and radiographs led to significant improvements in sensitivity for diagnosis of fracture line separation of the entire articular surface from the radial neck, comminution of the radial neck, involvement of the articular surface, articular gap or step of 2 millimeters or greater, central impaction of the articular surface, presence of more than 3 articular fragments and to the presence of articular fragments too small to repair (all p < 0.01, Table II ). There were no significant changes in specificity with more sophisticated imaging, which is not surprising given that improvements in the sensitivity of detecting fracture characteristics cannot be associated (statistically speaking) with increased specificity (Figure 1-3 ). 
Values are percentages with results are based on attending surgeon for each method compared to intraoperative direct view gold standard (N = 39 paired cases). * Statistically significant compared to sensitivity for 2D CT alone (all p < 0.01). There were no significant differences detected in specificity between the three methods.
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Discussion
The strengths of this investigation include the prospective design, the relatively large number of patients, and an intra-operative reference standard. The limitations of this investigation include the fact that images were usually rated after surgery (in part due to the inherent delay in receiving the physical 3D model), so that ratings of the radiological images were-in essence-retrospective; the injuries were relatively complex resulting in a spectrum bias in terms of all fractures of the radial head, although our work is representative of the types of fractures that would be studied with CT and operated on; two patients (one with addition of a capitellum/trochlea fracture and one anterior-transolecranon fracture dislocation) had non-nondisplaced fractures of the radial neck, which are relatively unusual-both fractures were seen only on operative exposure; and multiple physicians were involved in the ratings at two sites, which makes the results more generalizable, but less consistent. These data should also be interpreted in light of the fact that the first assistant was usually a resident or fellow, so that the observer variability may largely reflect differences in training and experience. This study found that increasing levels of sophistication in imaging/modeling: 1) improved the sensitivity for diagnosis of numerous fracture characteristics using the surgeon's interpretation of the intraoperative findings as the reference standard; and 2) decreased observer variation between surgeon and first assistant.
This is in concordance with prior studies that have demonstrated improved agreement in characterization and classification of fractures with 3D-CT compared to 2D-CT and radiographs alone 1, 3, 5, 8, 9, 11, 13, 19, 20 . Prior studies that addressed the classification of radial head fractures specifically found substantial observer variation 4, 14, 15, 18 when fractures were evaluated by radiographs only. However, these studies differed in that they are based upon retrospective data in small groups of observers/patients and the reference standard was based upon surgeon recollection and the medical record (e.g.
operative notes).
We interpret this combination of findings to indicate that fracture classification and characterization based on 3D imaging and models is more accurate and reliable, essentially helping to narrow the experience and training gap. While experienced surgeons sometimes suggest that little is added by more sophisticated imaging, science is establishing that more sophisticated imaging does improve our understanding of the injury. However, recommendations regarding the use of a new technology should be based on both diagnostic performance characteristics and clinical impact. The next steps are to investigate whether more sophisticated imaging leads to more effective treatment as measured by fewer complications with less functional impairment. part ii | classification 63 imaging and modeling of radial head fractures | chapter 4
